A combined spinal epidural anaesthetic (CSE), by design, produces a deliberate multicompartment block across a breached dural membrane. Since the lateral holes of the epidural catheter may lie in close proximity to the dural puncture site, a bolus solution of drug injected via the epidural catheter has the potential to leak through the dural puncture into the subarachnoid space.
In many centres over the past decade combined spinal epidural (CSE) anaesthesia has been used increasingly as the preferred regional anaesthetic technique of choice for caesarean section [1] [2] [3] .
Advocates of CSE anaesthesia argue that it gives a reliable sensory and motor block which is (a) of better quality, (b) of more rapid onset, (c) more flexible because both the level and duration of the block can be extended, and (d) readily applicable to postoperative analgesia 2, 3 . It combines many of the advantages of an intrathecal regional anaesthetic to which is added the flexibility offered by an epidural catheter.
A CSE anaesthetic is, by design, a deliberate attempt at producing a multicompartment block on either side of a breached dural membrane. This would appear to be at odds with the usual conduct of epidural anaesthesia where procedural safeguards against a multicompartment block are critical to the safe practice of the anaesthetic. Following a successful CSE anaesthetic, the lateral holes of the epidural catheter may come to lie in close proximity to the dural puncture site. Theoretically there is the potential for a bolus of local anaesthetic or opioid injected via the epidural catheter to leak through the dural puncture "hole" into the subarachnoid space [4] [5] [6] [7] [8] [9] [10] [11] .
In this study we aimed to investigate the potential for intrathecal spread of solution in the first few hours following the insertion of an epidural catheter as part of a CSE anaesthetic technique. This was done by performing an epidurogram in the immediate postoperative period and looking for evidence of intrathecal spread of contrast.
METHODS AND MATERIALS
Approval was obtained from the hospital's Ethics and Research Committee. Patients who were about to receive a CSE anaesthetic technique as part of their overall anaesthetic management were invited to participate in the study. Written informed consent to the study protocol was then obtained. The overall conduct of the anaesthetic was not affected as a result of inclusion in this study.
A Portex Spinal-Epidural Minipack (Portex and Sims, Hythe, U.K.), incorporating a 16 gauge Tuohy needle, a 26 gauge pencil point needle and an epidural catheter terminating with a closed end and three lateral openings was used.
The epidural space was located using a midline approach with loss of resistance to air. Choice of lumbar interspace and drugs for administration into the intrathecal and epidural spaces were at the discretion of the anaesthetist and based entirely on clinical need. A record was made of the insertion time, vertebral interspace, technical difficulties (including the number of passes made with both the Tuohy and spinal needles) and the observation of cerebrospinal fluid backflow via the spinal needle.
Following the operative procedure, recovery room care was in accordance with standard hospital protocols. All patients who had postoperative epidural infusions ordered had these started whilst they were in the recovery area, using a solution of 0.125% bupivacaine with 5 µg/ml fentanyl (Premix, Astra Pharmaceutical, Södertälje, Sweden).
When the patients were ready for discharge they were transported to the radiology department by an anaesthetist. The patients were then transferred onto a Bucky table with image intensifier and positioned supine to allow screening over the thoraco-lumbar vertebrae. A total of 12 ml of iohexol (Omnipaque 300 mg/ml, Winthrop Laboratories) was then injected slowly over a two to three minute period via the epidural catheter.
The procedure was performed under fluoroscopic control with continuous screen recording on VHS videotape. Immediately following this an AP film was exposed. The patients were then rotated into a left decubitus position, whereupon further screening was recorded and a lateral film was exposed.
The epidural infusion of the bupivacaine/fentanyl solution was recommenced prior to the patients being transferred to the ward. During this time routine postoperative vital signs continued to be recorded. Patients were observed for any headache and their analgesia was assessed over the subsequent three postoperative days.
The films and videotapes were reviewed for any evidence of intrathecal spread by one of the authors (CBC) experienced in epidurographic work and unaware of the clinical course of the block.
Demographics and time intervals were expressed as means±one standard deviation. The epidural insertion site and contrast spread were expressed as median+range. The incidence of intrathecal leakage was expressed with 95% confidence intervals.
RESULTS
Fifteen patients were recruited into the study over a five-month period between August and December 1995. The patients comprised nine undergoing elective caesarean section, two having pelvic clearance and staging for ovarian carcinoma, and four requiring other gynaecological procedures.
In all patients, the epidural space was located using a midline approach and loss of resistance to air technique. The Tuohy needle was successfully inserted on the first attempt in 14 out of the 15 patients. In one patient three passes of the Tuohy needle were made at the L3/4 interspace, with the first two encountering bony resistance and the third resulting in a bloody tap. A successful first pass was then made at L2/3.
In all patients the spinal pencil point needle was passed successfully on the first attempt and good back-flow of cerebrospinal fluid was observed. The length of catheter in the epidural space was 4.2 cm, (standard deviation 0.9 cm).
The CSE was placed at L2/3 in three patients, L3/4 in eleven patients and L4/5 in one patient.
In 13 patients further intraoperative doses of local anaesthetic were administered via the epidural catheter. Within this group there were six who also had epidural opioid administered. These doses were comprised of one to three aliquots averaging 3.7 ml, (standard deviation 0.7 ml). Total volumes averaged 7.8 ml, (standard deviation 3.8 ml).
The time interval between dural puncture and the epidurogram averaged 2 hours 29 minutes, (standard deviation 51 minutes). In one patient, films were exposed on the operating table 15 minutes after placement of the catheter.
None of the patients experienced any noticeable effects following the contrast injection. All continued to receive a postoperative infusion of 0.125% bupi- Data given for aliquots volume as mean (standard deviation) and for total number aliquots as median (range). n=number of patients.
vacaine and 5 µg/ml of fentanyl. All had satisfactory pain relief and recovered uneventfully following removal of the catheter. On reviewing the X-rays, the epidural catheter was found to be correctly sited in the epidural space in all patients. The median spread of contrast was five segments rostrally (range 2-11) and two segments caudally (range 1-8), as measured from the AP radiograph, (Figure 1 ). In two patients there was a predominantly unilateral spread suggesting the presence of a dorso-medial septum.
We did not observe evidence of intrathecal spread in any of the patients. This represents a putative incidence with a 95% confidence interval of up to 18%.
DISCUSSION
Following a CSE anaesthetic technique, the lateral holes of the epidural catheter may lie in close proximity to the hole in the dura created by the passage of the spinal needle. The theoretical risk that solutions introduced into the epidural space via the epidural catheter may traverse this channel into the subarachnoid space has been previously described [4] [5] [6] [7] [8] [9] [10] [11] .
The possibility of intrathecal leakage of solutions administered via an epidural catheter is more generally appreciated following inadvertent dural puncture by a Tuohy needle 12, 13 . As early as 1958, Sykes 13 described an episode of acute cardiorespiratory collapse associated with an extensive sensory spread and loss of consciousness following the injection of local anaesthetic adjacent to an interspace inadvertently punctured by a Tuohy needle. He raised the possibility of a slow leak of local anaesthetic through the hole left by the dural puncture as an explanation for this unexpectedly high block.
Today, it is generally accepted that caution should prevail following the inadvertent puncture of the dura with large (16 or 18 gauge) needles. This would seem, at first, to be at odds with the CSE technique where a deliberate hole is made using a needle, albeit a smaller one.
Myint et al 8 and Eldor et al 9 each described cases with apnoea and loss of consciousness following the epidural administration of opioids in patients who had received a CSE anaesthetic. Although the details and timing of the clinical course differed in the two cases, there was evidence to suggest that there had been significant intrathecal or subdural spread of opiate.
The possible causes of sudden cardiorespiratory collapse with high sensory blocks following a CSE anaesthetic technique parallel those of any epidural anaesthetic. Those which are peculiar to a CSE anaesthetic include: (a) inadvertent intrathecal or subdural passage of the epidural catheter 8,10,15,16 , (b) the transfer of drug via the dural hole into either the subdural or subarachnoid space [4] [5] [6] [7] [8] [9] [10] [11] and (c) volume changes in the subarachnoid space induced by an epidural bolus injection with subsequent cephalad shift of CSF and intrathecal drug 17 . The many studies that have attested to the safety of a CSE anaesthetic technique 18, 19, 20 would seem to suggest that the parting of dural fibres by a 26 gauge Whitacre needle is quite dissimilar to the cutting that follows the inadvertent puncture by a Tuohy needle. It is widely held that following dural puncture by a 26 gauge Whitacre needle, this dural "hole" would continue to remain functionally closed, and would therefore prevent any intrathecal spread of solutions subsequently injected into the epidural space.
Despite this, Joshi et al 11 , in their evaluation of CSE anaesthetic techniques, noted that several drops of clear fluid thought to be cerebrospinal fluid (CSF) were occasionally observed at the hub of the Tuohy needle following removal of the spinal needle. The fact that flow was occurring from the intrathecal to epidural space raised the possibility of retrograde Data given for total dose as mean (standard deviation). n=patients, %=percentage of total cohort. flow (intrathecal leak) following the epidural administration of local anaesthetic. Both Joshi et al 11 and Norris et al 20 in a later comparative study cautioned that intrathecal leakage of epidurally administered local anaesthetic was a possibility following a CSE anaesthetic. Early descriptions of a negative pressure gradient between the epidural space and subarachnoid space would seem to refute any considerations of intrathecal leakage of solutions. More recent studies however, suggest that this negative pressure is an artefact produced by the tenting of the dura and movement of the ligamentum flavum as the needle enters the epidural space 21 and that this negative pressure would not continue to exist once the catheter was in place.
The possibility of intrathecal leak of epidurally administered drugs following a CSE anaesthetic is further supported by the observations of several workers that dural puncture by a Whitacre needle itself will influence the spread of analgesia following the epidural administration of local anaesthetic.
Rawal et al 1 in a comparison between CSE and epidural anaesthetic groups noted that small epidural doses of bupivacaine caused unusually large segmental extension of block following a CSE anaesthesia.
More recently Swenson et al 4 measured CSF morphine concentrations at the cisterna magna of ewes six hours after the epidural administration of morphine. They compared a control group which had received no dural puncture with two other groups which had morphine administered via an epidural catheter at an interspace adjacent to a dural puncture caused by either a 25 gauge Whitacre or 18 gauge Tuohy needle. They found that CSF morphine concentrations increased in the groups following dural puncture and that the increase was positively correlated with the size of the needle.
Suzuki et al 5 compared the spread of analgesia in patients receiving a CSE anaesthetic to those receiving an epidural anaesthetic. In both groups an 18 gauge epidural catheter was inserted via a Tuohy needle at L2/3 and a bolus injection of 15 ml of 2% mepivacaine was made. In the CSE group, a dural puncture was made using a 26 gauge Whitacre needle which showed good CSF backflow but through which no intrathecal drug was given. They found caudal spread was significantly (P<0.01) greater in the dural puncture group at 20 minutes after injection. Rostral spread did not differ. They concluded that the presence of the dural puncture site near the location of the epidural catheter led to increased spread of analgesia.
Leighton et al 6 compared the dermatomal spread of epidural bupivacaine in a control group (n=77) receiving no dural puncture to a group which had received intrathecal sufentanil via either a 27 gauge Whitacre needle or 24 gauge Sprotte needle. They found that the dural puncture group had both a greater proportion of patients with sensory blockade above T4 (P<0.05) and a greater number of dermatomes anaesthetized (P<0.02).
Bernards et al 7 examined the effect that dural puncture using various needles has on transmeningeal drug transfer. The in vitro study quantified the amount of drug transfer across meningeal tissue taken from a monkey. Intact tissue and tissue that had been punctured with either a 27 gauge Whitacre, 24 gauge Sprotte, or 18 gauge Tuohy needle were examined. They found that the flux of morphine through meningeal tissue was significantly increased following puncture by all three needles and that the flux was related to the diameter of the needle used to puncture the tissue. Moreover, they found that the flux of morphine was less than that of lignocaine in intact meninges reflecting the low lipophilicity of morphine, but following puncture by the study needle, the flux of both drugs was equal and dependent on needle size. They suggested that following dural puncture, the flux is dependent on dural hole size and not on the physicochemical drug properties.
As part of a larger study in this institution, Collier performed epidurograms via the epidural catheter in three patients who had received a CSE anaesthetic 10 . These contrast studies were performed within the first four hours of insertion of the epidural catheter. In one of these patients he found radiographic evidence of intrathecal leakage with accumulation of a small volume of subarachnoid contrast at L5/S1 ( Figure 2) . The contrast injection and subsequent X-ray had been performed on the operating table with the patient in the lithotomy position 15 minutes after dural puncture. This patient received no catheter doses of local anaesthetic or opiate and the catheter was removed following the radiographic studies.
Intrathecal leak of contrast has been previously documented following inadvertent dural puncture by large bore needles. Leach and Smith 14 documented the history of a patient who suffered extensive sensory block and marked hypotension following the epidural administration of a total of 8 ml of 0.5% bupivacaine. The catheter had been placed one interspace rostral to an inadvertent dural puncture caused by a Tuohy needle. They were subsequently able to show radiographic evidence of epidural spread of contrast with intrathecal leak.
There appear, however, to be no other studies using epidurography to investigate intrathecal leak following a CSE anaesthetic.
Epidurograms were first described in 1926 in the lead up to the development of diagnostic myelography. Since then, the injection of radiocontrast into the epidural space has been variously undertaken by a number of authors examining the spread of solutions injected into the epidural space [22] [23] [24] 27 . More recently, plain and computed tomographic epidurography has helped to define the epidural anatomy and has shown evidence of a dorsomedial and dorsolateral septum not previously described [23] [24] [25] .
The clinical application of epidurography in defining catheter position is well described 26 .
The epidurogram profile derived from these studies shows a characteristic Christmas-tree-like appearance, with rapid filling of caudal and rostral segments and spillage through the intervertebral foramina ( Figure 3 ). Evidence of intrathecal spread is well described in the literature, as a longitudinal spread of contrast with a streaking pattern 13, 27 . This differs from earlier descriptions in which the more hydrophobic contrast agents produced a string-ofbeads appearance 28 .
The use of iohexol in the epidural and intrathecal spaces is well established [29] [30] [31] [32] . The compatibility of iohexol with solutions of 0.125% bupivacaine and 2% lignocaine have been well demonstrated, with the pH and osmolality remaining stable over a 24 hour period at 37°C 33 .
Using fluoroscopic screening, a leakage of contrast in excess of 0.5 to 1ml would be readily detected. This was a conservative estimate based on our radiology department's experience with myelograms. Such a volume of solution of either 2% lignocaine or 0.5% bupivacaine would, if administered intraoperatively, represent a clinically important intrathecal dosage. This is particularly relevant when we observed in our study, that the average aliquot of bupivacaine was 3.5 ml.
Radiographic evidence of intrathecal leak does not, however, demonstrate whether the leak occurred through the hole left by the spinal needle or an inadvertent puncture by a Tuohy needle. Ideally, we would then wish to compare the radiographic incidence of intrathecal contrast leak between a CSE and epidural population. Both groups would, therefore, have had passage of a Tuohy needle as part of their anaesthetic technique, and we could then determine if the incidence of intrathecal leak differed following subsequent dural puncture by a spinal needle.
During our study period a total of 718 patients had an epidural catheter inserted either in the labour ward or perioperatively. Of these there were two cases of dural puncture as evidenced by either cerebrospinal fluid back flow via the Tuohy needle, catheter aspiration of CSF or clinical manifestations of a dural puncture headache. This gives an incidence of 0.28% with a 95% confidence interval of 0.03% to 0.99%. This incidence is enveloped by the confidence interval of our study.
A power analysis set at giving an 80% probability of detecting an incidence of dural leakage of at least double the control value of 0.28% with a P<0.05 would require a cohort of about 11,000 patients.
The possibility of intrathecal leakage of an amount of drug not intended for distribution into the intrathecal space gives cause for concern. The evidence thus far would indicate that caution must continue to prevail during any bolus intraoperative dose via a catheter inserted as part of a CSE anaesthetic technique, particularly with the use of hydrophilic opioids.
